ABSTRACT With the application of Internet of Things (IoT) in tourism, the functions and management modes of tourist attractions are being greatly updated. It becomes a faced problem to assess the intelligence level of IoT-based tourist attractions. The assessment is helpful for managers to equip their tourist attractions with smart services which further improve the management efficiency and tourist satisfaction. However, there are few recognized standards for the implementation of IoT-based tourist attractions, and the common practice of using the average value to replace multiple assessment scores has a shortage. Motivated by these observations, we present a framework of IoT-based intelligent tourist attractions and recognize specific intelligent functions brought by IoT techniques to tourist attractions. Then, two fuzzy TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution) approaches, that is, a centroid-based fuzzy TOPSIS and an integral-based fuzzy TOPSIS, are formulated to deal with the inconsistent assessment scores from multiple experts. An application study shows the effectiveness and advantage of our approaches in comparison with the classical TOPSIS. Both the centroid-based fuzzy TOPSIS and the classical TOPSIS cannot reflect the preferences of decision-makers, but their assessment results are not fully consistent. The assessment results by the integral-based fuzzy TOPSIS are subject to the given optimism level which may make difference on assessment orders. We observe some insightful findings helpful for improving the intelligence level of IoT-based tourist attractions.
I. INTRODUCTION
The application of Internet of Things (IoT) has been reshaping various fields such as transportation, healthcare, manufacturing, household, and agriculture [1] - [4] . Tourism service is also being updated by IoT techniques. In practise, many countries and regions have put forward and implemented the strategy of smart tourism. IoT techniques applied in smart tourism can provide tourists customized, diversified and highquality services. Thus, it is of important significance to contribute efforts on IoT based tourist attractions.
In the literature, some efforts have been reported recently to deal with the issues encountered in the implementation of IoT techniques into tourism. As we review in the related works part, most of existing studies on IoT based tourism focus on how to apply kinds of IoT techniques to improve the tourism service and performance. However, there are few recognized technique standards in practise to guide the implementation of IoT techniques in tourism, but managers often expect to know how to improve the intelligence levels of their tourist attractions. Thus, it is a faced problem to assess the intelligence level of IoT based tourist attractions. Motivated by this observation, we present a framework of IoT based intelligent tourist attractions and recognize nine specific intelligent functions brought by IoT techniques to tourist attractions.
Meanwhile, in the process of assessment, it is a common practise to invite multiple experts to score tourist attractions and then use the average of these scores as the final assessment value. This practise is easy but fails to reflect the full information in these scores. Among multiple assessment scores, the lowest and highest scores are often recognized with lower confidence levels, and the average value of these scores which represents the choice of the majority is often recognized with a higher confidence level. Triangular fuzzy numbers are just suitable for expressing the range and confidence levels, so in this work we use triangular fuzzy numbers. To be specific, we combine fuzzy techniques with technique for order preference by similarity to an ideal solution (TOPSIS) to formulate fuzzy TOPSIS approaches, that is, a centroid based fuzzy TOPSIS and an integral based fuzzy TOPSIS, and apply these two approaches into assessing the intelligence level of IoT based tourist attractions.
The rest of this article is organized as follows. Related works are reviewed in Section II. In Section III, we present a framework of IoT based tourist attractions and recognize out nine intelligent functions as the assessment indexes of fuzzy TOPSIS approaches. In Section IV, we integrate the centroid based technique and the integral based technique respectively with the classical TOPSIS. An application study is presented to show the effectiveness of our proposed approaches in Section V. Section VI concludes the work.
II. RELATED WORKS A. STUDIES ON THE APPLICATION OF IoT TECHNIQUES IN TOURISM
In the literature, IoT based tourism has attracted attention recently. Piccialli and Chianese [5] designed and implemented an intelligent IoT platform which can provide tourists intelligent services to interact with cultural objects, and applied the platform into an Italy case. Byun et al. [6] proposed a 4G LTE (long term evolution) network-based technological access system for IoT based mobile virtual network operators, and built a corresponding wholesale price calculation model according to bandwidth. Almobaideen et al. [7] foused on tourists with chronic diseases, and combined smartphone, sensor devices and IoT techniques to propose an approach supporting tourists to generate geographical routes that are best served with close medical centers. Ruíz et al. [8] thought the tourism should be transformed into smart tourism using information and communication technologies, and proposed a tourism content for app development. Tripathy et al. [9] proposed a viable IoT-based smart tourism framework called iTour to overcome the insecurity, safety, and fraud issues encountered in current tourism industry. Kang and Ryu [10] applied IoT and virtual reality (VR) techniques to formulate a mobile VR system which can provide tourist information in real time.
As we can see, more and more efforts are taken to apply IoT techniques into tourism, which are helpful to improve the service efficiency and quality. However, few reports are found to formulate a standardized implementation of IoT based tourist attractions. Thus, there is no reference to judge whether a tourist attraction is equipped with high-level intelligence. In this work, we try to formulate a framework of IoT based tourist attractions and recognize the main functions brought by IoT technologies to tourist attractions, providing indexes to assess the intelligence level of IoT based tourist attractions.
B. STUDIES ON TOPSIS
TOPSIS was proposed by Hwang and Yoon [11] in 1981, and has been widely used in various multi-attribute decisions. Chen et al. [12] applied the TOPSIS method into the diabetic diet recommendation. Zareie et al. [13] thought the identification of influential users is very important in the analysis of social networks, and presented a TOPSIS based method of recognizing the influential users. Ignatius et al. [14] combined the analytic hierarchy process with TOPSIS to deal with the determination problem of index weights. Recently, Kumar and Garg [15] argued that classical TOPSIS cannot deal with some uncertain scenarios and proposed an interval TOPSIS. They also integrated set pair analysis with the TOPSIS method to deal with intuitionistic fuzzy sets [16] . Zhang et al. [17] proposed a category similarity weight-based TOPSIS intuitionistic fuzzy decision algorithm for multiple attributes decision fusion problems in wireless sensor networks. Liu and Zhang [18] combined interval fuzzy preference relations into the classic TOPSIS for group decisionmaking problems.
Actually, in the real-world process of multi-attribute decisions, expert scoring method is often used especially for qualitative assessment. It is a common practise to use the average value to replace multiple scores from various experts, but the average value cannot reflect the full information among the multiple scores. In this work, we introduce fuzzy techniques into the classical TOPSIS and apply the fuzzy TOPSIS into assessing the intelligence level of IoT based tourist attractions.
III. IOT BASED INTELLIGENT TOURIST ATTRACTIONS AND ASSESSMENT INDEXES A. IoT BASED INTELLIGENT TOURIST ATTRACTIONS
IoT based intelligent tourist attractions are equipped with IoT devices and systems such as wireless sensor network (WSN), radio frequency identification (RFID), global positioning system (GPS), two-dimensional bar code recognition equipment, intelligent mobile devices, data processing servers, and management and control center [5] , [9] . Figure 1 shows a general framework of IoT based intelligent tourist attractions.
Through the IoT system, intelligent tourist attractions can achieve the following incremental functions.
1) Tourist attractions managers can make a comprehensive, thorough and timely perception of geographic things, natural resources, tourist and staff behaviors, infrastructure and service facilities in tourist attractions.
2) Tourist attractions managers can optimize the business process, conduct intelligent operation management, and form strategic alliances with upstream and downstream enterprises in the tourism industry.
3) It is possible to integrate the resources of many tourist attractions to achieve the goal of making full use of resources. The data collected by the IoT system provide reliable data analysis for the comprehensive reform of tourist attractions.
4) It is possible to effectively protect the integrity of heritage resources and improve the service quality to tourists, achieving comprehensive, harmonious and sustainable development of the environment, society and economy of scenic areas.
Various network protocols and standards are applied in the implementation of IoT based intelligent tourist attractions, such as Internet, wireless sensor network (WSN), mobile 
B. ASSESSMENT INDEX SYSTEM
IoT related techniques and devices can make tourist attractions smart enough to achieve various functions which bring convenience to managers, staff and tourists. The main functions of intelligent tourist attractions equipped with IoT technologies are detailed as below.
1) Tourist attraction intelligent management (F 1 ). This function is helpful for tourist attractions to increase management efficiency and decrease management costs. Online ticketing, automatic check-in, electronic patrol, traffic intelligent control, and online complaint handling are typical features of tourist attraction intelligent management.
2) Intelligent information service (F 2 ). Useful and timely information to tourists has direct impact on tourist satisfaction degree. Intelligent tourist attractions usually spread information and massages by radio broadcasting, LED boards, mobile massages, and websites. Wifi service, touch screens and service hotline are also needed by tourists.
3) Tourist attraction intelligent guiding (F 3 ). This function can help tourists find and know each spot without tour guides. Electronic guiding and commentary are the common features of intelligent guiding. Electronic map and virtual tourist attraction are equipped by some advanced tourist attractions. Then, personalized travel routes can be recommended to tourists.
4) Intelligent forecasting (F 4 ). With the help of IoT devices such as infrared and weather sensors, intelligent tourist attractions can forecast recent weather conditions and real-time traffic conditions. The forecasting information is very valuable for tourists to make proper travel plans, and then will increase tourist satisfaction degree.
5) Tourist attraction e-payment (F 5 ). Online payment and site e-payment have been achieved in many tourist attractions especially after the popularity of mobile payment tools such as Alipay and Wechat. The mobile payment is replacing bank card payment due to the convenience of the former. 6) Tourist attraction integrated intelligence (F 6 ). This function can make tourists convenient to enjoy additional service. Smart hotels near to tourist attractions are the most common additional demand. Smart catering in tourist attractions is also necessary especially for large-scale tourist attractions. 7) Intelligent safety rescue (F 7 ). In order to deal with unexpected events and disasters, intelligent safety rescue is attracting more and more tourist attractions' attention. Intelligent prediction and early-warning are the common feature of safety rescue systems. For large-scale and remote tourist attractions, real-time tracking is needed. 8) Tourist attraction intelligent transportation (F 8 ). This function is helpful for driving tourists to travel in the tourist attractions. Safe electronic control is the basic feature of intelligent transportation. More and more tourist attractions have traffic broadcast and GPS systems to facilitate selfdriving travelers.
9) Tourist attraction resource protection (F 9 ). The protection of resources and ecological environment is one basic task for the sustainability of tourist attractions. IoT devices are very helpful for tourist attractions to collect various data such as temperature, humidity and pressure and further to detect the situation of protected resources.
IV. FUZZY TOPSIS APPROACHES FOR ASSESSING INTELLIGENT TOURIST ATTRACTIONS A. PROBLEM ANALYSIS AND FORMULATION
As analyzed in Section III, nine indexes are recognized to assess intelligent tourist attractions. Given the evaluation values of each index, existing methods such as analytic hierarchy process can be used to make the assessment. However, there are two difficulties in the real-world assessment. One is that no quantitative standards exist for assessing the intelligence of tourist attractions. Thus, the good and the bad are relative, depending on the intelligence levels of tourist attractions to assess. Secondly, it is difficult to use crisp values to represent the full information of scores from multiple experts. We can use fuzzy numbers to show the whole judgement.
Based on the above analysis, we formulate the problem as follows. Given tourist attractions A 1 , A 2 , . . . , A m , experts consider the nine indexes in Section III to score each attraction.x ij , i = 1, 2, . . . , m, j = 1, 2, . . . , 9 represents the fuzzy score for A i in terms of the jth index. Then, we can obtain a fuzzy assessment matrix as below:
(1) The decision objective is to use the above fuzzy evaluation matrix to rank the intelligence levels of these tourist attractions. Based on the TOPSIS idea, the positive ideal solution and the negative ideal solution should be firstly determined, that is, to find out the best and worst values amongx ij , i = 1, 2, . . . , m, ∀j = 1, 2, . . . , 9. As we can see, the key technique is how to compare fuzzy scores in terms of the same index.
TOPSIS is one effective method for solving multi-attribute decision making problems [11] - [14] , but classic TOPSIS cannot deal with fuzzy evaluation problems. In the following sections, we combine the centroid based fuzzy comparison technique in B and the integral based fuzzy comparison technique in C with the classic TOPSIS, and formulate two fuzzy TOPSIS approaches to evaluate the intelligence of tourist attractions.
B. A CENTROID BASED FUZZY TOPSIS
The centroid technique is one of existing fuzzy comparison methods [19] , [20] . As mentioned in the Introduction, triangular fuzzy numbers are suitable for expressing the different scores from multiple experts. Thus, we use normal triangular fuzzy numbers in the following parts. For two fuzzy scores inX : 
According to the classical centroid technique (Wang et al., 2006) , we can get the centroids ofx ij andx kj :
Using (6) and (7), fuzzy scores can be transferred to corresponding crisp scores. The basic idea of TOPSIS is to rank evaluation objects by their relative distances from the positive ideal solution and the negative ideal solution. Thus, after transferring the fuzzy index scores into precise ones by the above fuzzy comparison technique, we could determine the positive ideal tourist attraction and the negative ideal tourist attraction respectively as:
Plugging (6) and (7) into (8) and (9), we can get:
(10)
Then, we can calculate the relative distance of any tourist attraction A i , i = 1, 2, . . . , n from the A 1 ideal and A 1 non−ideal : 
By D 1 i , we can rank the intelligence levels of these n tourist attractions. However, the centroid based TOPSIS fails to reflect the preference of decision makers on fuzzy numbers. In order to observe the impact of decision makers' preference, we present the following integral based fuzzy TOPSIS.
C. AN INTEGRAL BASED FUZZY TOPSIS
Among existing studies on comparing fuzzy numbers, Liou and Wang's integral based method is another effective and widely used method [21] , [22] , so we also apply the integral based method to develop the method of transferring fuzzy index values into precise ones.
For any index of tourist attractions A i , given fuzzy index
. . , 9, Liou and Wang [21] presented an integral based method to transfer them into crisp values:
where λ is the optimism degree of decision-makers, 0 ≤ λ ≤ 1. The greater λ is, the more optimistic decisionmakers are. After transferring the fuzzy index scores into precise ones by the integral based fuzzy comparison technique, we can determine the positive ideal tourist attraction and the negative ideal tourist attraction respectively as:
Plugging (17) and (18) into (19) and (20), we can get:
Then, we can calculate the relative distance of any tourist attraction A i , i = 1, 2, . . . , n from the A 2 ideal and A 2 non−ideal :
where
By D 2 i , we can rank the intelligence level of these n tourist attractions. As we can see, the optimism degree of decision makers can be reflected in the integral based fuzzy TOPSIS.
V. APPLICATION STUDY A. ASSESSMENT DATA
In this section, we apply our proposed approaches into the practical assessment of the intelligence levels of tourist attractions in Shannxi province. Eight tourist attractions are selected, and five experts are invited to score these attractions from the nine indexes in Section III. The score range of all the indexes is from 0 to 100. The scoring results are as TABLE 2 shows.
As mentioned above, the common practise is to use the average value to represent these scores, but it fails to reflect the full information among these scores. For example, the average value of the first score set [50,60,75,70,90] is 69 which fails to reflect the range of the score set. Thus, it is more proper to use the minimum, average and maximum of the score set to formulate a fuzzy score (50, 69, 90). Similarly, we obtain all the fuzzy assessment data, as TABLE 3 shows.
The crisp TOPSIS approaches in the literature cannot be directly used to deal with the fuzzy assessment data in TABLE 3. Thus, in the following sections, we use the centroid based fuzzy TOPSIS and the integral based fuzzy TOPSIS, respectively.
B. RESULTS BY THE CENTROID BASED FUZZY TOPSIS
With the fuzzy assessment data in TABLE 3, we use (2)- (7) to calculate the centroid of each score set. The centroids of these fuzzy data are as As we can see, these ideal tourist attractions are not real, which just represent the highest intelligence level and the lowest intelligence level inferred from the eight real tourist attractions. Then, we can calculate the relative distance of the intelligence level of any real tourist attraction from those of these ideal attractions, using (12)- (14), that is, the final assessment results by the centroid based fuzzy TOPSIS in TABLE 5.
As shown in TABLE 5, tourist attraction A 3 is assessed with the highest intelligence level by the centroid based fuzzy TOPSIS, closely followed by A 4 and A 7 . Tourist attractions A 1 and A 6 are observed with middle intelligence levels. A 5 , A 2 and A 8 are with low intelligence levels.
Meanwhile, we give the specific assessment results for each index, as Figure 3 shows. From the results in Figure 3 , we can visually see the assessment level and the weaknesses of each tourist attraction. F 4 , that is, intelligent forecasting, is the weakest function of attraction A 1 , so this attraction is suggested to collect more data from IoT devices and to release prediction information on recent weather conditions and real-time traffic conditions. Intelligent safety rescue (F 7 ) is the weakest function of attraction A 6 , so this attraction is suggested to strengthen its early-warning and tourist tracking systems. A 2 and A 7 can be equipped with mobile payment tools such as Alipay and Wechat to improve their e-payment services. These observations are helpful for tourist attraction managers to make measures to improve the intelligence levels of their tourist attractions.
C. RESULTS BY THE INTEGRAL BASED FUZZY TOPSIS
In this section, we show the results by the integral based fuzzy TOPSIS. Since the optimism degree (γ ) may have impact on the assessment results, we first give out the detailed process of obtaining the assessment results when γ = 0.5, and then obtain the results with different optimism degrees.
With the fuzzy assessment data in TABLE 3 and given γ = 0.5, we can use (15)- (16) Then, using (21)- (23), we obtain the final assessment results by the integral based fuzzy TOPSIS when γ = 0.5, as TABLE 7 shows. Comparing the assessment orders in TABLE 5 and those in TABLE 7 , we can find that our two fuzzy TOPSIS approaches obtain the consistent results.
In order to check the impact of optimism degrees on the assessment results, we take the optimism degrees (γ ) from 0 to 1 by 0.1, and use the similar process to obtain the final assessment results, as TABLE 8 and Figure 4 show. As we can see, different optimism degrees produce different assessment results, but the impact is too tiny for the application instance to change the assessment orders in TABLE 7. However, the impact on the assessment values of these tourist attractions is not in the same direction. As γ increases from 0 to 1, the assessment values increase for attractions A 5 and A 8 , but decrease for other attractions. This implies the assessment orders may change due to the converse impact of the optimism degree. Figure 5 shows the variation analysis of the assessment results with different optimism degrees. The variation box plots can directly show the impact degree of the optimism degree. As we can see, tourist attraction A 1 has the biggest impact, and tourist attractions A 6 has the smallest impact. The impact degree depends on the uncertainty level of the original assessment data.
D. COMPARISON WITH THE CLASSICAL TOPSIS
In order to show the effectiveness and advantage of our fuzzy approaches, we compare our results with those by the classical TOPSIS. In the classical TOPSIS, similarly with the common practice, we directly use the average of the five scores as the assessment value for each tourist attraction in terms of each index, as TABLE 9 shows. Then, using the classical TOPSIS, we obtain the assessment results and orders, as TABLE 10 shows. Figure 6 compares the assessment results by the classical TOPSIS and our two fuzzy approaches. From the comparison, we can find: (1) The results by the centroid based fuzzy TOPSIS is not fully consistent with those by the classical TOPSIS. Both cannot reflect the preferences of decisionmakers, (2) The assessment results by the integral based fuzzy TOPSIS are subject to the given optimism level which may make difference on assessment orders, and (3) The impact of the optimism level on the results is not in a consistent direction.
VI. CONCLUSION
The assessment of the intelligence level of tourism attractions is helpful for managers to develop the potential of IoT techniques. Our work recognized the specific functions brought by IoT system to tourism attractions. These IoT based functions provide directional guidance to strengthen the intelligence level. Meanwhile, we proposed two fuzzy TOPSIS approaches which can quantificationally assess the intelligence level of tourism attractions. This provides a tool to recognize the weakness of IoT based attractions and is helpful for improving the shortages in the implementation of IoT system. However, some concerns are not fully considered in this work, such as the determination of index weight and the online implementation of the assessment approaches. In the future works, more sample data will be collected from additional tourist attractions and entropy-based methods will be used to determine the index weights. Meanwhile, we will establish an online platform based on the proposed assessment methods. Any tourist attraction can connect its IoT systems into the platform. Then, the assessment process will be automatic and real-time, providing more supports to improve tourist services in China. 
